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Do Foreign Mergers & Acquisitions Boost Firm Productivity? 1 Introduction
Over the past decade there has been a surge in cross-border mergers and acquisitions (M&A) in both manufacturing and services. Economists and policy makers tend to assume that foreignowned firms have an advantage over domestic firms due to large endowments of intangible assets which compensate for a lack of local information and experience. There is indeed a large empirical evidence showing that foreign-owned firms are more productive than domestic firms (Doms and Jensen, 1998 for the US; Driffield, 1997; Girma and Görg, 2007; Griffith and Simpson, 2001; for the UK; De Backer and Sleuwaegen, 2002, in the case of Belgium; Pfaffermayer and Bellak, 2002, in the case of Austria; Ruane and Ugur (2004) , for Ireland).
More recent studies have shown that a large part of this productivity differential is between multinational firms and non-multinationals (Griffith, 1999; Oulton, 2000; Temouri, Driffield and Higon, 2008) . Hence, separating the effects of foreign ownership from other firm-specific factors appears to be difficult. Moreover, most of these studies do not distinguish between foreign greenfield investment and mergers and acquisitions.
Foreign M&A implying a change from domestic to foreign owners provide an appropriate framework to isolate effects of foreign ownership. However, existing empirical evidence on the causal link between foreign M&A and firm productivity is inconclusive. To the extent that foreign investors acquire the best performing firms, the productivity advantage might not be associated with foreign ownership per se. Harris and Robinson (2003) provide empirical evidence showing that foreign investors tend to acquire firms with higher productivity in comparison with other manufacturing firms in the UK. Furthermore, the higher productivity of foreign-owned multinationals observed at the economy-wide level might simply reflect the fact that they are concentrated in high productivity sectors (Griffith et al., 2004) .
While a number of studies have found positive effects of foreign M&A on firm productivity (Lichtenberg and Siegel, 1987 for the US; Conyon et al, 2002 for the UK; Arnold and Javorcik, 2005 , for Indonesia; Bertrand and Zitouna, 2008 , in the case of France) other research has found that acquired firms do not reap any benefit from foreign ownership (Harris and Robinson, 2003, for the UK), has rejected a causal link (Barba Navaretti et al, 2004) or has found a positive effect only in the case of US multinationals (Benfratello and Sembenelli, 2002) . Girma and Görg (2002) examine the effect in two specific industries in the UK. They find that foreign acquisitions had positive effects on firm productivity in the food sector but negative in electronics. This paper examines the causal relationship between foreign mergers and acquisitions and firm productivity in the United Kingdom (UK) in the short and the longer run. Since the existing empirical evidence is inconclusive, we also address the following additional research questions to shed more light on the source of the ambiguity in the results: what is the profile of firms which are acquired by or merged with foreign-owned firms? To what extent do the effects on firm productivity vary by the country of origin of the acquiring/merging firm? How do the effects vary at industry level? Do the answers depend on the particular measure of firm productivity?
We focus on the UK where the number of M&A deals has been especially large. Over the period 1999-2007 we identify over 10,000 mergers and acquisitions in the UK of which foreign takeovers account for a quarter of all deals. Griffith et al. (2004) show that foreign takeovers of non-multinational domestic-owned firms exceed foreign greenfield investments as the most frequent mode of entry by foreign firms in the UK over the period 1999-2001 in both manufacturing and services.
The question of whether foreign acquisitions lead to higher productivity is interesting and relevant for both research and policy. To the extent that foreign investment is perceived as a source of knowledge spillovers and productivity growth in the host economies, governments in some countries (including the UK) have designed and implemented policies aiming at attracting foreign investment. On the other hand, some governments (e.g. in France and Italy) have tended to discourage foreign take-overs and instead encouraged the emergence of 'national champions'.
Measuring the effect of foreign acquisition on firm productivity raises two major econometric issues. First, foreign investors may acquire better performing firms (selection bias). To address this selection bias we analyze the causal effect of foreign acquisition on UK firm productivity by using propensity score matching following Rosenbaum and Rubin (1983) combined with difference-in-difference estimators (Heckman et al. 1997) . Second, the derivation of firm productivity (total factor productivity) involves several measurement issues. Therefore, we determine total factor productivity (TFP) by means of production function estimations at the three-digit industry level. We follow the approach of Olley and Pakes (1996) which generates unbiased industry level input elasticities by controlling for the correlation between unobserved productivity shocks and firm inputs. In addition, we use three alternative firm productivity measures as a robustness check: and a multilateral TFP index based on Caves et al. (1982) , TFP based on conventional OLS production function estimations, and labor productivity.
Our contribution to the literature is threefold. First, in comparison with existing studies, we use a richer micro data set which effectively covers all firms in the UK including over 2,000 foreign M&A over the period [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Second, we use improved econometric techniques to account for selection biases and derive several alternative firm productivity measures to check for the robustness of our main result. Third, we explore the theoretical suggestion of Nocke and Yeaple (2007) that attributes the heterogenous effects of foreign acquisitions on firm productivity to industry-specific characteristics of the acquiring firm.
Our results lead us to question the existence of longer-run effects of foreign ownership on firm TFP in the UK at the aggregate level. However, we do find significant heterogeneity in the effect of foreign M&A on target firm productivity at the industry level. This heterogeneity across industries potentially explains the absence of positive TFP effects at the aggregate level. Moreover, following Nocke and Yeaple (2007) we classify acquiring firms as R&D-and marketing-intensive. Overall, we uncover a systematic pattern of post-acquisition TFP effects that is consistent with the most recent theoretical models of firm heterogeneity and cross-border mergers and acquisitions as mode of foreign entry. Finally, at the aggregate level we find that foreign acquisitions had positive effects on labor productivity due to capital deepening. This points to the potentially misleading results from using labor productivity instead of TFP to measure the causal impact of foreign M&A through technology or organizational spillovers on target firm performance in the UK.
The remainder of this paper is organized as follows. Section 2 reviews the relevant theoretical literature. The next section discusses the empirical methodology we use to explore the causal relationship between foreign acquisitions and firm productivity. Section 4 specifies the data and our different approaches to measure firm productivity. Section 5 discusses our empirical results. Finally Section 6 concludes.
Theoretical background
The early theoretical literature on foreign direct investment known as the Ownership-Location-Internalization (OLI) framework (Vernon, 1966; Caves, 1974; Dunning, 1977) has focused on three characteristics of multinational firms that are likely to explain their better performance in comparison to domestic-owned firms. These characteristics are: (i) large endowments of intangible assets that compensate for the lack of local knowledge (of markets, consumer preferences and business practices), hence allowing successful competition with domestic firms; (ii) location advantages that arise from being located in a foreign country rather than exporting to it; and (iii) advantages from internalizing technology rather than licensing it to foreign producers. These elements have been formalized in seminal papers by Markusen (1984 Markusen ( , 1995 Markusen ( , 2002 , Helpman (1984 Helpman ( , 1985 , and Venables (1997, 1998) . More recently, Helpman et al. (2004) show that in the presence of fixed costs to exporting and to undertaking foreign direct investment, in equilibrium, heterogeneous firms can be ordered in terms of productivity, as follows: the least productive exit, the more productive firms serve only the domestic market, the next more productive serve the domestic market and export, and the most productive firms serve the domestic market and undertake foreign direct investment. Accordingly, it follows that in their country of origin multinationals are the most productive firms.
This literature explores the effect of foreign ownership on firm productivity not distinguishing formally whether it refers to greenfield investment or foreign M&A. However, the paper by Nocke and Yeaple (2007) focuses explicitly on the relationship between cross-border M&A as a mode of entry into foreign markets and efficiency of firms. The authors show that either the most or the least productive firms acquire foreign targets. In particular, their model predicts that foreign acquirers operating in R&D-intensive industries represent the most productive firms in the corresponding industries in their home country while foreign acquirers operating in marketing-intensive industries represent the least productive firms. 1 The predictions of Nocke and Yeaple (2007) contrast with the predictions of the earlier studies which did not distinguish between foreign M&A and greenfield investment. That is, instead of a linear productivity ordering, Nocke and Yeaple (2007) predict that both the most and the least productive firms will acquire foreign targets. Their finding limits the scope for positive aggregate effects of foreign acquisition on firm productivity and instead highlights the importance of industry-specific effects.
While the heterogenous trade and investment literature suggests that at least some multinational firms are more productive than domestic-owned firms, it does not imply that foreign ownership per se leads to higher productivity. Foreign multinationals may also affect the market structure and the degree of competition in the host economy. The industrial organization (I-O) literature offers further complex insights on the effects of M&A on firm productivity in the longer-run. On the one hand, incentives to concentrate market power involve a decline in competition which potentially entails lower long-run productivity growth in that industry. On the other hand, efficiency gains due to the diffusion of technological or organizational knowledge, economies of scale, or the reduction of managerial slack result in long-run productivity gains. In the short-run, however, the impact of a take-over on firm productivity is expected to be negative due to the high short-run costs of reorganization. The latter effect is expected to be larger after cross-border deals due to higher adaptation costs. Similarly, long-run productivity effects after foreign M&A are potentially more pronounced due to the larger scope for knowledge spillovers and adverse competition effects.
Empirical strategy
The key empirical objective of this paper is to evaluate the causal effect of foreign acquisition on firm productivity. The main challenge is that we do not observe the productivity of acquired firms had they not been acquired. We address this missing data problem by using propensity 1 The authors consider R&D and advertising as relatively internationally mobile and immobile factors, respectively. score matching (PSM) following Rosenbaum and Rubin (1983) . The central idea is to compare the productivity of foreign-acquired firms with the firm performance of a control group that includes non-acquired firms with similar observable characteristics. While matching methods account for the bias due to observable firm characteristics, selection bias might also stem from time-invariant unobserved firm characteristics. To eliminate this latter bias, we combine the propensity score matching with the difference-in-difference estimator suggested by Heckman et al. (1997) .
In the first stage, the propensity-score matching estimator summarizes the vector of pretreatment characteristics, X, into a single-index variable, the propensity score p(X). The propensity score measures the conditional probability of a firm to be acquired by a foreign owner given data on firm characteristics and past firm performance. 2
In the second stage, we estimate the average effect of foreign acquisition on target firm productivity in the post-acquisition period. To do this, we use the productivity of the nonacquired domestic firms with a similar propensity score to generate counterfactual observations.
To control for the possible bias that is due to selection on unobservables, we compute the effect using the difference-in-difference matching estimator (Heckman et al, 1997) . Hence, we compare the evolution of productivity of foreign-acquired firms and domestic firms that exhibit an equivalent ex ante probability of being taken over given firm characteristics, performance indicators, and time-invariant unobservables. The average effect of acquisition on the acquired firms for the difference-in-differences matching estimator can be written as
where ∆y is the difference between the average productivity before and after the acquisition, p i denotes the predicted probability of being acquired for firm i in the group of acquired firms A, p c the predicted probability of being acquired for firm c in the control group C, and ω(.) is a function assigning the weights to the counterfactual firms c. 3 4 Data and methodology
Data
Our analysis is based on firm-level data from the UK over the period from 1999 until 2007.
We employ M&A data from the Bureau van Dijk's Zephyr database which has information on over 2,000 foreign M&A of UK firms between 1999 and 2007. This information is combined with the data from the Amadeus database which provides detailed balance sheet data for all UK firms. The combination of both data sets allows us to compare the effects of cross-border M&A on the performance of acquired firms in different industries and to distinguish short-run from longer-run effects.
We model the probability (propensity score) of foreign acquisition as a function of the following firm characteristics observed in the pre-acquisition period: the return on capital (firm profitability), the ratio of interest expenses to total assets (a proxy of perceived trustworthiness by financial institutions), a firm's age, size 4 , and characteristic variables to capture ownership and solvency. Two dummy variables capture the ownership status of a firm: state is equal to 1 if its legal form is not private and 0 if it is, while quoted takes the value 1 if a firm is publicly quoted and 0 if not. The firm's solvencu status dummy variable exit is equal to 1 if the firm is insolvent and 0 otherwise. Finally, we account for year fixed effects and for industry-specific fixed effects, distinguishing sectors by means of three-digit NACE codes in the propensity score estimation.
The computation of TFP, which is described in the following section, requires information on output, physical capital, labor, and the corresponding input elasticities. We measure output as real 5 value added. Capital and labor are measured as real fixed tangible assets and the number of employees, respectively. We also include gross investment, measured by the change in the capital stock plus depreciation, which is included as an instrument for the unobservable technology shock in the estimation procedure of Olley and Pakes (1996) .
Measuring productivity
The difference-in-difference matching estimator provides an appropriate framework to analyze the causal effect of foreign M&A on UK firm productivity. However, it would produce misleading results if the underlying productivity measure does not allow for a meaningful cross-firm comparison. Thus, the quality of the results hinges crucially on the construction of a detailed and unbiased productivity measure. Therefore, and in contrast to most previous studies, we use several different productivity measures to check for the robustness of our main results. 6
Our main productivity measure is TFP since changes in TFP directly reflect the efficiency gains following foreign acquisitions due to the diffusion of technological or organizational knowledge and economies of scale. We derive TFP of firm j in sector s at time t as a residual from a production function in logs:
where y jst denotes a firm's value added, k jst and l jst the physical capital and labor inputs, η s is a vector of industry specific effects, µ t a vector of year specific effects, θ = (θ k , θ l ) a vector of average input elasticities, and ε jsi an error term.
We estimate (2) to obtain empirical measures of the average input elasticities θ k s and θ l s from firm level data. We account for heterogenous input elasticities across three-digit (NACE) industry levels in that we estimate the marginal input effects separately for each of the threedigit industries. 7 The estimation of (2) involves a well-known endogeneity problem, viz, a firm's demand for labor is expected to depend on its contemporaneous productivity level which 6 We illustrate below that the use of TFP instead of labor productivity is crucial identifying the effect of foreign acquisitions on subsequent technological capabilities of UK target firms. 7 We also employ three-digit output price deflators to deflate the output, capital, and investment series with industry specific deflators.
is captured in the error term. Appropriate instruments for labor services that are uncorrelated with productivity are typically not available. However, Olley and Pakes (1996) develop a semi-parametric estimator to extract consistent estimates of the input elasticities in production function estimations. The method supposes that a firm's investment decision is a function of its capital stock, age, and its unobserved productivity. Hence, the unobserved productivity parameter can be modeled as some (inverse) function of investments, capital, and age given the assumption of a monotonic relationship between investment and productivity. We apply this methodology to derive consistent estimates of the average input elasticities in our sample. A detailed description of the Olley and Pakes (1996) procedure is given in Appendix A.1.
We derive three additional productivity measures to examine the robustness of our main results. First, we follow Caves et al. (1982) to develop a relative TFP index using the industrylevel geometric average as a reference point. This methodology employs firm level factor shares, instead of a production function estimation, to compute the corresponding input elasticities. 8
Second, we estimate (2) using a conventional least squares estimator and compute the corresponding TFP levels accordingly. Third, we use labor productivity, which is measured as a ratio of a firm's value added to its number of employees, a measure often used in the existing literature (e.g. Conyon et al, 2002) . Note, however, that labor productivity is a broader measure than TFP since it reflects the joint influence of changes in TFP and the capital-labor ratio, i.e.
in the case of a Cobb-Douglas production function, we have: ln(Y /L) = ln(T F P ) + αln(K/L).
Sample properties
Our sample comprises an unbalanced panel. Moreover, we do not observe the amount of value added and fixed tangible assets for all of the firms. 9 This reduces the effective number of foreign 8 In particular, the factor shares of labor and intermediate inputs are measured by the mean of firm-and industry-level (three-digit) factor shares. The factor share of the capital stock is derived by assuming constant returns to scale. The output and input measures are all computed relative to an industry-level median. Note that this procedure implicitly assumes perfectly competitive factor markets and constant returns to scale. 9 In addition, we restrict the sample to cover non-negative observations for value added, fixed tangible assets, and number of employees. Note that we do not impose further corrections for outliers among non-target domestic firms since the matching estimator does not take observations into account which can not be matched properly.
M&A that can be included in the propensity-score estimation. In the end, we are left with 606 foreign M&A with available data to compute a TFP measure for the UK foreign acquired firms.
The second stage of the difference-in-difference matching estimator, however, requires that a firm's TFP measure is available for at least two consecutive years after a foreign takeover which further reduces the effective number of matched foreign M&A to 392. Finally, since we do not observe the debt-asset ratio and profitability for all of these firms, the effective number of foreign M&A in the difference-in-difference estimation is reduced to 318. 10 Since the control group of domestic firms that have not been the target of a (foreign or domestic) takeover numbers over 14,000 firms, it is possible to match target and control firms very closely. 11 Table 1 displays the descriptive statistics for the foreign-acquired firms and all other firms for each of the variables. The average log TFP levels and labor productivity of foreign-acquired firms are lower than the corresponding productivity indicators of all other firms. Moreover, foreign-acquired firms have, on average, a higher return to capital, are smaller, younger, more likely to be quoted or publicly-owned, and less likely to be insolvent. The higher average return to capital, which measures a firm's profitability, indicate that foreign acquirers "cherry pick" on the basis of firm profitability. The propensity score estimations, which are outlined in Table 2 below, generally confirm this conjecture. The data also reveal considerable heterogeneity among foreign-acquired firms, since the standard deviations among these firms generally exceed the ones among all other firms. Table 1 also shows the descriptive statistics for the manufacturing and services sectors separately. Accordingly, the TFP measures based on Olley-Pakes or OLS display higher levels for foreign-acquired firms in the manufacturing sector while all 10 Note that we obtain the same qualitative results if we base our effective sample on the 392 foreign M&A by excluding the debt-asset ratio and our measure of profitability from the propensity score estimation. However, the balancing tests (see Section 4.5) indicates that both variables improve the test results in some specifications. 11 Moreover, 75% of the 318 foreign M&A represent vertical takeovers. We label a takeover "horizontal" if (a subsidiary of) the acquirer operates in the same industry, defined by four-digit NACE codes, as the target firm. Otherwise, the M&A is labeled "vertical". Note that vertical foreign investments are generally considered to involve a larger scope for spillovers between foreign and domestic firms (e.g. Javorcik, 2004) . However, we do not find significant differences between the effects of vertical and horizontal M&A (see Table A2 in the Appendix).
four productivity proxies indicate a lower average level for foreign-acquired firms in the service industries. In contrast, the returns to capital are higher for foreign-acquired firms in both sectors.
The reduction in the effective number of foreign M&A in our sample due to the data requirements of the estimation procedure raises the question of whether the remaining deals are still representative of the underlying population of more than 2,000 cross-border deals from 1999-2007. Therefore, the last three columns of Table A3 in the Appendix explicitly report the descriptive statistics for the foreign-acquired firms that can not be accounted for in the second stage of the difference-in-difference matching estimation. It appears that the TFP levels based Table A5 in the Appendix and Table 4 report the results for the weighted and unweighted TFP estimations, respectively; they reveal that the results in post-acquisition periods are qualitatively the same.
Finally, a Hausman test, which is given in the last column of Table A5 in the Appendix, does 12 The level of labor productivity in our effective sample relative to the population seems to be, if anything, biased downwards. Still, we find a significant increase in labor productivity in post-acquisition periods (see Section 5) which therefore seems to even understate the effect for the whole population. 13 The weights are calculated for each three-digit industry sub-group by dividing the number of foreign M&A in the population by the number of foreign M&A in the sample. not reject the exogeneity of our sampling procedure.
Propensity score estimation
The first stage of the estimation strategy involves the estimation of the propensity scores. Table 2 reports the results of the corresponding probit estimation. Note that all explanatory variables are lagged by one year since we aim to account for pre-takeover firm characteristics. 14 The first column shows that there is a positive concave relationship between the size of a firm and the probability of a foreign takeover. Moreover, the probability of a foreign takeover is declining in the age of a firm and significantly influenced by industry-and year fixed effects. Sample covers all U.K. firms with information on value added, employment, and investments between 1999-2007. M&A is a dummy variable that is equal to 1 in the year of a (foreign) takeover and 0 if the firm is domestic and has not been the target of a (domestic or foreign) takeover between 1999-2007.
Explanatory variables lagged by one year. t-statistics in parenthesis. ***,**,* significant at 1%, 5%, 10%.
Balancing test
The difference-in-difference matching method provides a robust method for estimating the foreign acquisition effect on firm productivity if, conditional on the propensity score, the potential outcomes before and after acquisition are independent of the acquisition. Under the assumption of independence conditional on observables, the pre-acquisition variables should be balanced between the acquired and matched groups. Lack of balance points to a possible mis-specification of the propensity score estimation. We handle the balancing hypothesis in two ways: (i) we test the significance of differences between acquired and matched firms for each variable entering the propensity score estimation; (ii) we test whether those differences can be taken as jointly insignificant using a likelihood ratio test. at the 5% for the age of a firm in the case of domestic M&A and for the debt-to-asset ratio in the manufacturing sector, respectively. In addition, it is rejected for the dummy variables "quoted" and "state" at the 5% level for US and EU + M&A and in the service sector.
In addition to the t-test for the individual series, we use a likelihood-ratio test which tests for the joint insignificance of the standardized differences between the acquired and the matched control firms. The corresponding p-values of the likelihood ratio test are presented in the fifth and ninth column in each of the corresponding tables that report the results of the differencein-difference matching estimator (Tables 4-8) . Accordingly, the test results show that the balancing conditions are satisfied for each difference-in-difference matching estimation in each 17 Rosenbaum and Rubin (1983) in assuming that a value of 20% is large.
year.
Empirical results
5.1 Aggregate TFP effects Table 4 reports the results of the difference-in-difference matching estimator. The first column shows the (cumulative) effect of foreign acquisition on firm productivity in the year of completion of a takeover (0) up to 5 years thereafter. We find that foreign-acquired firms have, on average, 5.1% lower TFP-growth in the takeover year than domestic firms that had a comparable pre-takeover probability of becoming a foreign M&A target. 19 The coefficient is statistically significant at a 5% level. The estimation is based on 318 foreign takeovers between 1999 and 2007. The cumulative growth difference is close to zero in the first year, increases to 4% two years afterwards, and levels off at about 2-3% in the third and fourth year after the takeover. 20
However, the positive cumulative growth differences in the first four years after the M&A are not statistically significant at conventional levels. 21
The negative initial impact of M&A suggests the presence of restructuring costs that reduce the TFP-level in the year of completion of the M&A. In contrast, we do not find evidence for positive longer-run effects of foreign M&A on the productivity of acquired firms.
The limited evidence for positive productivity effects of foreign M&A in the first five years after the takeover might be explained by heterogenous TFP performances among foreign acquired firms. In particular, the existence or magnitude of productivity spillovers might depend 19 We employ the Epanechikov kernel matching estimator. The results are, however, qualitatively equivalent if we use a Gaussian kernel estimator or the nearest neighborhood matching estimator. The results of the alternative estimations are available from the authors upon request. 20 We use the n + 1's difference in log TFP-levels to compute the growth rate n years after the takeover. For example, if a foreign M&A takes place in t TFP-growth in the fourth year after the takeover is compute as lnT F P t+4 − lnT F P t−1 . 21 Table A1 in the Appendix reports the effects of domestic M&A on target firm TFP as a consistency check.
Accordingly, the TFP effects of domestic M&A follow a different pattern over time than those for foreign M&A.
Still, the corresponding coefficients are not statistically significant at conventional levels. t-statistics in parenthesis. ***,**,* significant at 1%, 5%, 10%.
LR-test of joint insignificance of all regressors after matching. on the home country of the foreign acquirer. For example, Benfratello and Sembenelli (2002) uncover positive M&A effects only in the case of US multinationals. In Table 5 , we distinguish between two different regions of origin of the foreign acquirer: the US and the EU + . The evolution of the TFP performance of target firms of US multinationals is comparable to the overall effect of foreign takeovers in the first four post M&A periods: the coefficient is negative
in the year of completion, positive thereafter, peaks in the second year after the M&A, and levels off afterwards. 22 However, the positive growth difference in the second year after the M&A is 3.5 times higher (it amounts to 14.8%) and statistically significant at the 10% level for US takeovers. Thus, we find some evidence in favor of positive TFP effects from foreign M&A if the acquiring firm is based in the US. In contrast, we do not observe significant impacts of M&A from EU + countries. Table 6 distinguishes between the effects from foreign takeovers in manufacturing and service industries. The evolution of TFP for target firms in the manufacturing sector is again comparable to the overall effect of foreign takeovers in the first four post M&A periods: the coefficient, which amounts to 7.8%, is negative and significant at a 5% level in the year of the takeover and positive but not significant at conventional levels thereafter. In contrast, we are not able to detect a similar pattern in the service sector. The corresponding coefficients are very small and not significant.
Finally, Table 7 outlines the results for two alternative TFP measures which are based on an OLS production function estimation and the multilateral TFP index (lntf p − Caves)
developed by Caves et al. (1982) , respectively. The latter TFP indicator has been used in the literature, e.g., by Bertrand and Zitouna (2008) . 23 Table 7 shows that we do not find a significant aggregate impact of foreign takeovers on target firm productivity in post-acquisition periods based on these two alternative TFP measures. This is consistent with the results based on Olley-Pakes TFP levels. 24 22 The pattern of TFP effects due to US (or foreign) takeovers can be described by an 'S-curve'. 23 Note that, in contrast to our preferred TFP measure based on Olley and Pakes (1998) , it implicitly assumes perfect competition in factor markets and constant returns to scale in order to compute input elasticities. 24 We also convert the logged TFP levels based on Olley-Pakes into a TFP index relative to industry averages.
The results, which are reported in Table A5 in the Appendix, do not differ qualitatively from the findings in In sum, we do not find solid evidence in favor of a longer-run TFP gain in the post-acquisition period caused by foreign acquisition at the aggregate level. Nocke and Yeaple (2007) highlight the importance of industry specific effects of the relationship between firm productivity and cross-border M&A. To explore this, we analyze the impact of foreign M&A separately for 34 different two-digit industries. Table 8 the absence of positive longer-run TFP effects at the aggregate level. 26
Industry specific effects
Moreover, the theoretical model of Nocke and Yeaple (2007) implies that the scope for productivity spillovers from the acquiring to the target firm is most pronounced if the acquirer operates in an R&D-intensive industry while productivity spillovers might even be negative if it operates in a marketing-intensive industry. A direct test of this hypothesis requires, however, information on the R&D and marketing expenses of the acquiring firms, respectively. This information is not available in the Amadeus data set. However, we can draw on the work of Peneder (2002) who uses cluster analysis to classify US manufacturing industries as R&D and marketing-intensive at the four-digit level. 27 We follow his classification to test for positive or negative productivity effects in the two different sub-groups, respectively. 28 Table 9 reveals positive TFP coefficients in all post-acquisition periods if the acquirer operates in an R&D-intensive industry indicating that foreign ownership enhances the TFP levels of foreignacquired firms in these industries. 29 The effect is, however, only significant on a 10% level in the fourth year after the acquisition. In contrast, we find negative TFP coefficients in all 26 Moreover, (horizontal) foreign M&A may lead to a concentration in market power involving a decline in competition which potentially entails lower long-run productivity growth in that industry. This effect would counteract the positive productivity effects and might hence also explain the absence of positive longer-run TFP effects at the aggregate level. 27 Peneder (2002) classifies the following manufacturing industries as R&D-intensive: pesticides and other agro-chemical products, pharmaceuticals, medicinal chemicals, botanical, and other chemical products, office machinery and computers, electricity distribution and control apparatus, electronic components, television and radio transmitters, apparatus for line telephony, television and radio receivers, sound or video recording or reproducing apparatus, medical, precision and optical instruments, motor vehicles, aircraft and spacecraft. Furthermore, he classifies the following as marketing-intensive: food products, beverages and tobacco, leather and leather products, publishing, printing and reproduction of recorded media, soap and detergents, cleaning and polishing preparations, perfumes and toilet preparations, tanks, reservoirs and containers of metal; manufacture of central heating radiators and boilers, cutlery, tools and general hardware, watches and clocks, musical instruments, sports goods, games and toys, miscellaneous manufacturing n.e.c. 28 We assume that R&D and marketing intensities are comparable across countries at the industry level. 29 We also classify target firms in high or low technology industries, respectively, following the OECD classifications (see for example OECD, 2007, p. 220-221) . However, we do not find significant effects of foreign M&A in these particular sub-groups. The results are available from the authors upon request. .1177
(1.31) 3/1505 .437
The industry codes are NACE15-16, NACE22, NACE30-31, NACE32, NACE71, NACE72, NACE72, respectively.
t-statistics in parenthesis. ***,**,* significant at 1%, 5%, 10%.
post-acquisition periods if the acquirer operates in a marketing-intensive industry indicating that foreign ownership leads to a decline in the TFP levels of foreign-acquired firms in these industries. Again, the effect is only significant at a 10% level in the second year after a foreign takeover. In sum, a classification of acquiring firms as R&D and marketing-intensive results in a systematic pattern of post-acquisition TFP effects that is consistent with the specific TFP ranking of acquiring firms in Nocke and Yeaple (2007) .
Labor productivity
The findings in Section 5.1 call into question the evidence of longer-run TFP effects of foreign ownership on foreign-acquired firms in the UK at the aggregate level and highlight instead a substantial heterogeneity in the effects across industries. These findings are consistent with Harris and Robinson (2003) who do not find aggregate TFP effects due to foreign M&A in the UK. However, they conflict with the findings of Conyon et al. (2002) who detect that US subsidiaries in the UK outperform domestic firms in terms of labor productivity. Therefore, we address the following question: does the impact of foreign M&A depend on the measure of firm productivity? Table 10 reports the results for the difference-in-difference matching estimator for the effects of foreign acquisition on firm labor productivity. Indeed, we find that the use of labor productivity as a performance measure results in significant productivity increases due to foreign takeovers in all of the first five post-acquisition periods. 30 This is consistent with the labor productivity based findings of Conyon et al. (2002) . The last four columns of Table 10 repeat the aggregate TFP results form Table 4 to contrast the difference between the two productivity measures. Moreover, Table 11 distinguishes between labor productivity effects in the manufacturing and service sector and reveals that the increase in labor productivity is predominantly 30 Note that the likelihood ratio test rejects the balancing conditions in the second and third year after the takeover. Thus, the matching procedure does not allow for a meaningful comparison between foreign-acquired firms and the counterfactual of domestic firms for these periods. However, Table 11 shows that the increase in labor productivity is mainly due to an increase in the manufacturing sector and the balancing condition is satisfied in this sector in all post-acquisition periods. t-statistics in parenthesis. ***,**,* significant at 1%, 5%, 10%. driven by manufacturing industries. It follows that foreign-acquired firms outperform matched domestic firms in the manufacturing sector in terms of labor productivity but not TFP in post-acquisition periods. 31
Against this background, it is important to recall the difference between the two measures.
TFP reflects target firm efficiency gains due to the diffusion of technological or organizational knowledge and economies of scale. Therefore, it is a precise empirical counterpart to the theoretical literature on multinational firms which exactly emphasizes these transmission channels.
Labor productivity, in contrast, is a broader measure that captures these TFP effects as well as changes in the target firm's capital-labor ratio. For example, one can derive the following log-linear relationship between labor productivity, TFP and the capital-labor ratio in the case of a Cobb-Douglas production function: ln(Y /L) = ln(T F P ) + αln(K/L). Hence, we support that the increase in labor productivity due to foreign ownership stems from an increase in the capital-labor ratio, i.e., capital deepening, instead of technological or organizational knowledge diffusion. Table 12 confirms this conjecture, revealing that foreign M&A leads to capital deepening in UK target manufacturing firms in post-acquisition periods. The order of magnitude of the increases in the capital-labor ratios is in line with the increases in labor productivity.
Thus, foreign firms substantially restructure acquired firms in the UK reducing the number of employees relative to capital stocks. 32 This finding reconciles the difference between the results based on TFP and labor productivity.
It follows that the use of labor productivity instead of TFP to measure the impact of foreign acquisition on improvements in technological or organizational knowledge in the UK acquired firms is misleading. Instead, the increase in foreign acquired firm's labor productivity in post-acquisition periods is caused by capital deepening and not the theoretically suggested TFP effects. This confirms that TFP is the more appropriate measure to identify the causal impact of foreign acquisitions on firm performance as described in the theoretical literature on 31 32 In fact, we find that the number of employees in foreign-acquired firms declines significantly in the manufacturing sector in post-acquisition periods. These results are available from the authors upon request. multinational firms.
Conclusion
This paper examines the causal relationship between foreign acquisitions and target firm productivity using a rich micro data set from the UK over the period 1999-2007. We use propensity score matching combined with a difference-in-difference estimator which allows us to distinguish between causality and correlation effects of foreign ownership.
Our results call into question the existence of longer-run effects of foreign ownership on TFP at the aggregate level. A supplementary analysis which distinguishes between different countries of origin of foreign acquirers does not challenge this main conclusion.
However, we find that the effects of foreign acquisitions vary across industries. It appears that foreign ownership led to higher productivity in ICT manufacturing industries but not in ICT service industries. These industry level results highlight a significant heterogeneity in the effect of foreign M&A on target firm productivity across industries which is consistent with the theoretical predictions of Nocke and Yeaple (2007) . This heterogeneity across industries potentially explains the absence of positive longer-run TFP effects at the aggregate level.
Moreover, when we follow the theoretical suggestions of Nocke and Yeaple (2007) by classifying acquiring firms as R&D and marketing-intensive, we broadly reveal a systematic pattern of post-acquisition TFP effects that is consistent with their theoretical predictions which generate a specific TFP ranking of acquiring firms.
Finally, we find positive aggregate effects on labor productivity but not TFP in the manufacturing sector, i.e., foreign M&A leads to capital deepening but not improvements in technological or organizational knowledge in the longer-run. Hence, the use of labor productivity instead of TFP generates misleading results with respect to the causal impact of foreign M&A on target firm performance in the UK as described in the theoretical literature on multinational firms.
A Appendix

A.1 Estimation of production functions under simultaneity
Using equation (2) we decompose the error term ε jt into two elements, i.e., ε jt = ω jt + jt ,
where ω jt is the productivity shock and jt is the true error term. Further, a jt measures a the age of a firm. Hence, we can write
The simultaneity problem arises if ω jt is correlated with at least one of the regressors. In such a case, estimatesθ k andθ l would be biased. In the recent literature on the estimation of production functions, one generally assumes that the demand for labor is the only input which is potentially correlated with ω jt as capital stocks are assumed to be predetermined. As a remedy, Olley and Pakes (1996) propose a two-stage procedure for a consistent estimation of (3) in which they advocate the use of a firm's log investment i jt to identify the productivity shock. In doing so, they define the investment function ι such that i jt = ι t (ω jt , k jt , a jt ). If investments are monotonically increasing in the technology shock for a given value of capital and age, this allows them to express the unobservable technology variable as a function of contemporaneous investments, capital, and age. Hence, they define the inverse investment function by m t so that ω jt = m t (i jt , k jt ). Thus, one can rewrite (3) as
Further, we define φ t (i jt , k jt ) := α 0 + α k k jt + m t (i jt , k jt ) and approximate this term by a third order polynomial series in k and i. 33 Consequently, we 33 In particular, we define
can write
Since we control for contemporaneous movements in productivity by the inverse investment function, OLS estimation of (5) yields consistent estimates of α l .
The second stage is necessary to identify α k . Therefore, we assume that productivity follows a first order Markov chain, i.e, ω jt = E(ω jt |ω j t−1 ) + ξ jt , where ξ jt denotes the innovation in the productivity and is assumed to be uncorrelated with capital in period t. Defining v t as output net of the contributions of labor and substituting h t−1 (i j t−1 , k j t−1 ) into a function
Note that we restrict capital and lagged capital to have the same coefficient. Consequently, as the coefficient enters the regression equation twice we estimate it efficiently and consistently by applying to (6) a non-linear least squares procedure. Tables A3 shows the descriptive statistics for foreign-acquired firms that can not be accounted for in the second stage of the difference-in-difference matching estimation. Table A4 lists the total number of deals in the population and our effective sample across two-digit NACE industries. Finally, Table A5 reports the results for a TFP index relative to industry averages and the weighted TFP estimations based on Olley and Pakes (1996) , respectively. -.1180 * (-1.81) 57/36654
A.2 Additional robustness checks
.334 t-statistics in parenthesis. ***,**,* significant at 1%, 5%, 10%. 
